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 CTS of Asheville, Inc. Superfund Site 
 235 Mills Gap Road, Asheville, Buncombe County, North Carolina 
 EPA ID: NCD003149556 
 CERCLA Docket No. CERCLA-04-2012-3762 
 AMEC Project 6252-12-0006 
 
Dear Ms. Urquhart-Foster: 

Please find attached the Vapor Intrusion Assessment Work Plan (Revision 4; VI Work 
Plan) for the above-referenced Site. AMEC Environment & Infrastructure, Inc. prepared 
this VI Work Plan on behalf of CTS Corporation pursuant to the requirement set forth in 
Section 1.3.4 of the Scope of Work contained in Appendix A of the Administrative 
Settlement Agreement and Order on Consent for Remedial Investigation/Feasibility Study 
between the United States Environmental Protection Agency Region 4 (USEPA) and CTS 
Corporation (effective date of January 26, 2012). 
 
In a letter dated February 28, 2014, the USEPA provided comments on Revision 3 of the 
VI Work Plan, which was submitted to USEPA on December 10, 2013. Based on the 
comments provided by USEPA, appropriate modifications to the VI Work Plan, Field 
Sampling and Analysis Plan, and Quality Assurance Project Plan have been made. 
General comments regarding the crawlspace to indoor air attenuation factor are discussed 
below. 
 
In a July 23, 2012, memorandum regarding comments to a previous version of the VI 
Work Plan, USEPA recommended an attenuation factor of 0.9 be used for the preliminary 
evaluation of indoor air concentrations. The February 28, 2014, USEPA comment letter 
indicates an attenuation factor of 1.0 should be used for the preliminary evaluation of 
indoor air concentrations. Per the document referenced in the comments, (“EPA’s Vapor 
Intrusion Database: Evaluation and Characterization of Attenuation Factors for 
Chlorinated Volatile Organic Compounds and Residential Buildings,” March 2012), the 
arithmetic mean crawlspace attenuation factor for the national data set (with attenuation 
factors ranging between 0.057 and 0.92) is 0.46, with a standard deviation of 0.28. The 95 
percent upper confidence limit of the arithmetic mean is 0.53, which is recommended as 
both applicable and protective for screening purposes. USEPA’s recommended 
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1.0 INTRODUCTION 

This document presents the Vapor Intrusion Assessment Work Plan (VI Work Plan) 

associated with the CTS of Asheville, Inc. Superfund Site (Site) located at 235 Mills Gap 

Road in Asheville, Buncombe County, North Carolina (Figure 1). The activities described 

in this VI Work Plan will be performed pursuant to Section 1.3.4 of the Scope of Work 

contained in Appendix A of the Administrative Settlement Agreement and Order on 

Consent for Remedial Investigation/Feasibility Study (Settlement Agreement) between the 

United States Environmental Protection Agency (USEPA) Region 4 and CTS Corporation 

(effective date January 26, 2012). This VI Work Plan describes the proposed activities that 

will be undertaken to evaluate potential vapor intrusion at residences located contiguous 

to the Site and proximate to the currently known contaminated groundwater plume. 

 

1.1 SITE DESCRIPTION 

The Site is approximately nine acres on Mills Gap Road in Asheville, Buncombe County, 

North Carolina and the areal extent of the contamination. The approximate center of the 

Site is located at north latitude 35°29’36” and west longitude 82°30’25”. The Site formerly 

contained an approximate 95,000-square foot, single-story brick and metal structure in the 

southern portion of the Site. The building was demolished in December 2011 and the 

concrete building pad remains intact. The northeastern portion of the Site contains an 

asphalt-paved parking area and asphalt-paved driveways are located parallel to the north 

(front) of the building and southeast (rear) of the building. A six-foot high chain-link fence 

surrounds the Site and a locked gate at the north end of the Site controls access to the 

Site from Mills Gap Road. The Site is unoccupied. 

 

1.2 SITE OPERATIONAL HISTORY 

International Resistance Company owned and operated a manufacturing facility at the 

Site from 1952 until 1959, when CTS of Asheville, Inc. purchased the real property, 

building, and equipment. CTS of Asheville, Inc. manufactured electronic components at 

the facility from 1959 until April 1986. Arden Electroplating, Inc. leased a portion of the 

building from approximately December 1, 1985 until November 30, 1986, and the Site was 

conveyed to Mills Gap Road Associates (MGRA) on December 23, 1987. MGRA 

reportedly leased portions of the facility to various tenants, and otherwise utilized the 
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building for business interests. The Site has been vacant/unoccupied since the mid-

1990s.   

 

Electronic components utilized in automotive parts and hearing aids were manufactured at 

the Site until plant operations ceased in April 1986. Small electronic components were 

electroplated with tin, nickel, zinc, and silver as one step in the process. Wastes 

generated from the process included sludge containing heavy metals and solvents. 

Solvents, including trichloroethene (TCE) and acetone, were used in the process to clean 

and/or degrease metal objects prior to electroplating. Disposal/recycling activities at the 

facility prior to 1959 are unknown. From 1959 to 1986, solvents and metals were 

reportedly reclaimed whenever possible. Between 1959 and 1980, metal-bearing rinse 

waters and alkaline cleaners that could not be reclaimed from the electroplating process 

were reportedly disposed of through the city sewer system, while concentrated metals and 

solvent wastes were placed in drums for off-site disposal/recycling. After 1980, all wastes 

were accumulated in drums on-site prior to off-site disposal or recycling.   

 

1.3 PREVIOUS ASSESSMENT ACTIVITIES  

The results of previous assessments determined that unsaturated soil containing VOCs is 

limited to the former plant area of the Site and that a contaminated groundwater plume is 

present at and adjacent to the Site. The groundwater plume in the unconsolidated 

formation (i.e., above bedrock) has generally been delineated to the north and the south, 

but not to the east and west of the Site. The primary constituents detected in soil and 

groundwater samples collected during previous Site investigations include VOCs related 

to chlorinated solvents, such as TCE, and petroleum constituents related to fuel oil. 

 

Previous assessment activities conducted by USEPA included air sampling and air 

monitoring in the area of the Site. In December 2007, 10 subslab and 12 crawlspace 

(SUMMA® canister) air samples were collected from 22 residences in the area of the site, 

as well as ambient air and ‘slam bar’ soil gas samples (T N & Associates, 2008). A Trace 

Atmospheric Gas Analyzer IIe was also used to screen air quality in the area of the Site. 

In August 2008, USEPA returned and collected five crawlspace air samples, two indoor air 

samples, and one soil gas sample (as well as ambient and duplicate air samples) from six 

residences in the area of the Site (T N & Associates, 2009). Eight of the twenty-one air 
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samples (not including the trip blank) collected in August 2008 did not contain TCE above 

laboratory reporting limits. Of the thirteen air samples where TCE was detected above the 

laboratory reporting limits, one air sample collected from inside the restricted-access 

fenced area at the springs to the east of the Site contained a concentration of TCE above 

the then applicable removal action limit of 23 parts per billion by volume (ppbv). The 

highest analytical result of TCE in the remaining twelve air samples where TCE was 

detected was 1.6 ppbv.   

 

In October 2012, two crawlspace air samples, one indoor air sample, and one duplicate 

crawlspace air sample were collected from three residences in the area of the Site 

(AMEC, 2013). Two ambient air samples and one duplicate ambient air sample were also 

collected. Concentrations of TCE, cis-1,2-dichloroethene, and/or vinyl chloride were 

detected above the laboratory reporting limits in the collected air samples. The detected 

concentrations of TCE ranged from 0.055 to 0.12 ppbv in the crawlspace/indoor air 

samples. The detected concentrations of TCE ranged from 0.027 to 0.12 ppbv in the 

ambient air samples.    

 

1.4 OBJECTIVES OF VI ASSESSMENT 

The objective of the Vapor Intrusion Assessment is to determine whether concentrations 

of Site-related VOCs are present in crawlspaces and/or indoor air at residences previously 

assessed by USEPA that are contiguous to the Site and/or proximate to the currently 

known contaminated groundwater plume. The detected analytes, if any, will be compared 

to risk-based screening values to indicate the potential for the occurrence of vapor 

intrusion to pose a potential risk to the residential receptors. The purpose of comparing 

the measured air concentrations to the screening levels is to identify constituents of 

potential concern that will then be further evaluated by a risk assessment. An exceedance 

of a screening value does not indicate unacceptable risk or hazard for receptors. As 

additional data is collected during implementation of the RI/FS, this VI Work Plan may be 

modified to include additional sampling locations/events. 
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2.0 PROPOSED VAPOR INTRUSION ASSESSMENT 

The proposed VI Assessment is described in the following sections. The Sampling and 

Analysis Plan for implementation this VI Work Plan consists of a Field Sampling and 

Analysis Plan (FSAP) and Quality Assurance Project Plan (QAPP). The FSAP (Appendix 

A) describes the data gathering methods, sampling objectives, sample locations and 

frequency, and sampling equipment and procedures. The QAPP (Appendix B) describes 

the project objectives and organization, functional activities, and the quality assurance and 

quality control (QA/QC) protocols that will be used to achieve the desired data quality 

objective for the project.   

 

2.1 PROPOSED SAMPLE LOCATIONS 

In accordance with Section 1.3.4 of the Settlement Agreement Scope of Work, this VI 

Assessment will evaluate vapor intrusion at residences previously assessed by USEPA 

that are immediately contiguous to the Site and/or proximate to the currently known 

groundwater plume. Crawlspace and indoor air samples will be collected from two 

residences at the locations shown in Figure 2. Four ambient air samples associated with 

the crawlspace/indoor air samples will also be collected. The locations of the ambient air 

samples will be dependent on the predominant wind direction at the time of sampling, and 

the proximity to previously identified surface waters containing Site-related VOCs. 

 

2.2 ACCESS AGREEMENTS  

Vapor intrusion assessment access authorization agreements for the , 

 and  residences were provided to the Respondent 

by the USEPA on November 25, 2013. The residence at  is currently 

unoccupied, so crawlspace/indoor air samples will not be collected from this residence at 

this time. 

 

2.3 PROPERTY OWNER NOTIFICATION 

Prior to commencing the air sampling event, property owners will be notified by USEPA of 

the upcoming sampling activities. USEPA will coordinate the timing and logistical issues 

associated with the sampling activities.  
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2.4 PROPERTY RECONNAISSANCE  

Prior to collecting air samples, the interior of each residence will be surveyed to collect 

information about the structure (e.g., configuration, presence/absence of a vapor barrier, 

heating/cooling systems, etc.) and to assess factors that could influence the air sampling 

results (e.g., products or chemicals containing VOCs). An Occupied Dwelling 

Questionnaire, such as the one included in Appendix C, will be completed in coordination 

with the occupant of the residence prior to initiating the air sampling activities.  

 

2.5 COLLECTION OF AIR SAMPLES 

Prior to collection of air samples, products or chemicals potentially containing Site-related 

VOCs will be attempted to be identified in the structure.  Crawlspace air samples will be 

collected in the center of the crawlspace of the structure, or in the general location of 

previous samples collected by USEPA, if possible or applicable. Indoor air samples will be 

collected with the sample intake positioned at a height of two to four feet above the floor of 

the residence in an area that has the potential for frequent use. Ambient air samples will 

be collected from a height of three to five feet above the ground. The air samples will be 

collected using individually-certified, 6-Liter, electropolished, stainless steel (SUMMA®) 

canisters equipped with flow controllers. The samples will be collected over a 24-hour 

period.  

 

2.6 ANALYSIS OF AIR SAMPLES 

The air samples will be submitted for analysis of Site-related VOCs according to USEPA 

Method TO-15 SIM (selective ion monitoring). 

 

2.7 HEALTH AND SAFETY  

A Site Health and Safety Plan (HASP) has been developed specific to the Site activities 

and has been submitted to the USEPA under separate cover. The HASP applies to AMEC 

employees and AMEC subcontractors. Field teams will have a copy of the HASP during 

field activities. Personnel involved in the air sampling activities will be required to read, 

understand, and conform to the requirements of the HASP. 
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If the Field Operations Leader or Project Manager determines that sampling activities 

cannot be conducted due to the proximity of unauthorized persons or other unforeseen 

conditions or situations, the sampling activities will cease until such time as they can 

safely be resumed. USEPA will be notified of such occurrences. 

 

2.8 REPORTING 

A Vapor Intrusion Assessment Report will be prepared and submitted to USEPA. The 

Report will provide a description of the sampling and analysis activities, a tabulation of the 

analytical results, and a vapor intrusion risk evaluation, as described below.   

 

A screening-level assessment of potential human health risk associated with detected 

analytes in the air samples (after data validation and QA/QC evaluation), will be 

performed. This preliminary risk evaluation will be performed in accordance with the 

USEPA’s Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from 

Groundwater and Soils (USEPA, 2002) and Risk Assessment Guidance for Superfund, 

Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for 

Inhalation Risk Assessment; USEPA, 2009).  

 

For screening purposes, detected indoor air concentrations will be directly compared to 

ambient air concentrations (background) and USEPA’s most current residential air 

Regional Screening Levels. Detected crawlspace concentrations will be compared to the 

USEPA indoor air screening level concentrations divided by a crawlspace to indoor air 

attenuation factor of 0.53, which is the 95 percent upper confidence limit of the arithmetic 

mean for crawlspace to indoor attenuation factors assembled by USEPA (Table 19 in 

USEPA, 2012). The resulting screening values will be compared to the crawlspace air 

sampling results to assess whether potential indoor air exposures should be further 

evaluated through additional data collection and/or quantitative risk assessment. This 

crawlspace attenuation factor is based on data presented in “EPA’s Vapor Intrusion 

Database: Evaluation and Characterization of Attenuation Factors for Chlorinated Volatile 

Organic Compounds and Residential Buildings” (March 2012). In USEPA’s March 2012 

report, empirical crawlspace attenuation factors were calculated by dividing an indoor air 

concentration measured in a building by the measured crawlspace concentration in the 

same building.  Per this reference, the mean crawlspace attenuation factor for the national 
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data set is 0.46 with a standard deviation of 0.28. The calculated attenuation factors in the 

study ranged from 0.057 to 0.92. These attenuation data are primarily based on studies 

conducted in the northeastern and western United States. Crawlspace air samples will 

also be compared to ambient air concentrations. 

 

The building attenuation factor, which expresses the ratio of the indoor air concentration 

arising from vapor intrusion to the crawlspace soil gas concentration, is dependent on 

numerous site-specific building construction conditions. These site-specific factors include 

construction and integrity of the building foundation, pressure differences between the 

subsurface and the building interior, the indoor air exchange rate, interior ventilation and 

air flow, and the size, geometry, and compartmentalization of the building (USEPA, 2012). 

Typically homes in the southeastern United States are not as “air-tight” in construction as 

buildings in the northeastern United States. Therefore, the crawlspace attenuation factor 

of 0.53, which is the 95 percent upper confidence limit of the arithmetic mean for 

crawlspace to indoor attenuation factors assembled by USEPA (Table 19 in USEPA, 

2012), is recommended as both applicable and protective for screening purposes. 

 

The objective of the risk evaluation is to: 

 Identify constituents of potential concern (COPCs) in air through comparison to 
risk-based screening values published by USEPA, including residential air 
Regional Screening Levels and Office of Solid Waste and Emergency Response 
generic screening levels for the vapor intrusion pathway. 

 Calculate cumulative hazard indices for non-carcinogenic COPCs and cumulative 
excess cancer risk estimates for potentially carcinogenic COPCs using residential 
exposure assumptions. 

 Make a recommendation concerning whether additional sampling is warranted or 
whether corrective action to minimize residential exposures is indicated. 

 

The Vapor Intrusion Assessment Report will be submitted to USEPA within 45 days of 

receipt of the analytical results. Draft transmittal letters to property owners will be 

submitted to USEPA with the Vapor Intrusion Assessment Report. The draft transmittal 

letters will be prepared in accordance with “Communicating Environmental Data to 

Property Owners and Tenants” (USEPA, 2010). 
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1.0 INTRODUCTION 

On behalf of CTS Corporation, AMEC Environment & Infrastructure, Inc. (AMEC) has 

prepared this Field Sampling and Analysis Plan (FSAP) for the CTS of Asheville, Inc. 

Superfund Site (Site) located in Asheville, Buncombe County, North Carolina. The 

activities described in this FSAP will be performed pursuant to the Administrative 

Settlement Agreement and Order on Consent for Remedial Investigation/Feasibility Study 

between the United States Environmental Protection Agency (USEPA) Region 4 and CTS 

Corporation, effective January 26, 2012. 

 

This FSAP presents the procedures and methods associated with the Vapor Intrusion 

Assessment Work Plan (VI Work Plan). This FSAP, in conjunction with the Quality 

Assurance Project Plan (QAPP), are included in the VI Work Plan and provide the 

framework upon which the Vapor Intrusion Assessment will be conducted.  

 

2.0 SAMPLING OBJECTIVE 

The objective of the Vapor Intrusion Assessment is to determine whether concentrations 

of Site-related volatile organic compounds (VOCs) are present in crawlspaces or indoor 

spaces at residences previously assessed by USEPA that are contiguous to the Site 

and/or proximate to the currently known contaminated groundwater plume. 

Concentrations of detected analytes, if any, will be compared to risk-based screening 

values to indicate the potential for the occurrence of vapor intrusion to pose a risk to 

the residential receptors. As additional data is collected during implementation of the 

Remedial Investigation, the VI Work Plan might be modified to include additional sampling 

locations/events.     

 

3.0 AIR SAMPLING APPROACH 

Air sampling will be conducted at two residences adjacent to the Site previously assessed 

by USEPA and/or proximate to the currently known contaminated groundwater plume.  
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Crawlspace and indoor air samples will be collected at the following residences: 

   

  

 

Access agreements have been obtained by USEPA allowing for access by the 

Respondent’s representative(s) from the property owners. Property owners/tenants will be 

notified of the sampling activities by USEPA prior to beginning the sampling event. Air 

samples will be collected from the crawlspaces and indoor areas of the structures.  

 

Four ambient air samples associated with the crawlspace/indoor air samples will also be 

collected. The locations of the ambient air samples will be dependent on the predominant 

wind direction at the time of sampling, and the proximity to previously identified surface 

waters containing Site-related VOCs. 

 

The air samples (crawlspace, indoor and ambient) will be submitted for analysis of Site-

related VOCs, as described in the VI Work Plan QAPP. The sampling activities are 

expected to take up to three days to complete. Quality assurance/quality control samples 

will be collected/submitted as described in the QAPP. 

 

Sample collection activities will be documented in field logbooks and on field data record 

forms (FDRs). Use of logbooks is described in the QAPP. Examples of FDRs that are 

anticipated to be used during the sample collection are contained in Appendix C of the 

QAPP. 

 

The samples will be submitted for analysis with a scheduled maximum turnaround time of 

21 days from the laboratory’s receipt of the samples. A Vapor Intrusion Assessment 

Report will be prepared and submitted to USEPA, along with draft transmittal letters to 

property owners with the respective sampling data. 

 

4.0 SAMPLE DESIGNATION, HANDLING, AND ANALYSIS 

Procedures for sample designation, handling, and analysis are included in the Vapor 

Intrusion Assessment Work Plan QAPP. 
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5.0 SAMPLING EQUIPMENT AND PROCEDURES 

The following data collection or sampling procedures are proposed for the air sampling 

activities: 

 Data collection related to physical properties of structures 

 Recording predominant direction of wind, barometric pressure, and temperature 

 Deployment and retrieval of SUMMA® canisters for collection of air samples 

 Surveying sample locations 

 

5.1 COLLECTION OF PHYSICAL PROPERTIES OF STRUCTURES 

Prior to collecting air samples, the interior of each residence will be surveyed to collect 

information about the structure (e.g., configuration, presence/absence of a vapor barrier, 

heating/cooling systems, etc.) and to assess factors that could influence the air sampling 

results (e.g., products or chemicals containing VOCs). An Occupied Dwelling 

Questionnaire, such as the one included in Appendix C of the VI Work Plan, will be 

completed in coordination with the occupant of the residence prior to initiating the air 

sampling activities.  

 

Background indoor air sources of volatile chemicals in residential structures include 

consumer products, supplies used for personal hobbies, household cleaners, paints, and 

building supplies. These background sources will be attempted to be identified and 

removed from the residence prior to collection of crawlspace and indoor air samples.  

 

The air in the vicinity of the location intended for sampling will be screened with a 

calibrated photoionization detector (PID) to assess the potential presence of VOCs. PID 

readings will be recorded on the Questionnaire. 

 

5.2 RECORDING PREDOMINANT DIRECTION OF WIND 

The predominant direction of wind at the sampling locations will be recorded on the FDR 

during deployment and retrieval of the air sampling equipment. The predominant direction 

of the wind will be determined based on visual observations in the area of the sampling 

location. Based on the topography of the area surrounding the Site, the predominant 

direction of the wind might be different at the individual sampling locations. 
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The Field Operations Leader will be notified if there is not a discernable predominant wind 

direction, and forecast information from weather agencies might be consulted to 

determine if weather patterns will produce a likely predominant wind direction during the 

air sampling equipment deployment period.  

 

5.3 COLLECTION OF AIR SAMPLES 

Air samples will be collected using individually-certified, 6-Liter, electropolished, stainless 

steel (SUMMA®) canisters equipped with flow regulators in accordance with the time 

integrated sample collection procedure for VOCs in USEPA Science and Ecosystem 

Support Division’s (SESD’s) Operating Procedure “Ambient Air Sampling,” effective 

January 5, 2011. Air samples will not be collected during periods of rain or snow. 

Modifications to the sampling procedure will be documented in the field logbook. Clean, 

non-powdered, disposable gloves (e.g. nitrile) will be worn when deploying and collecting 

the canisters used for collecting the air samples. A new pair of gloves will be donned 

immediately prior to deploying and collecting the canisters.  

 

5.3.1 Collection of Crawlspace Air Samples 

Additional information on the procedure for the collection of the crawlspace air samples is 

as follows: 

 

Selection and preparation of sample collection point: 

 Observe the area for the apparent presence of items or materials that may 
potentially produce or emit VOCs and interfere with analytical laboratory analysis 
of the collected sample.  

 Record relevant information on the FDR. 

 Using a calibrated PID, screen air in the vicinity of the sample collection location to 
assess the potential presence of VOCs. Record PID readings on the FDR. 

 If PID readings are recorded, the Field Operations Leader will determine whether 
the sampling should proceed. 

 

Preparation of 24-hour SUMMA® canister and collection of sample: 

 Place SUMMA® canister on floor of crawlspace if possible. As an alternate, 
canister can be placed on a stable surface or affixed to a wall or floor support with 
nylon rope. Avoid placing canisters near windows or other potential sources of 
drafts and air supply vents. 



CTS of Asheville, Inc. Superfund Site    
Vapor Intrusion Assessment Work Plan: FSAP (Revision 4)   
AMEC Project 6252-12-0006 
March 14, 2014        
  

5 

 Record SUMMA® canister and flow controller identification numbers on FDR and 
chain-of-custody (COC). 

 Record sample identification on canister identification tag, and record on FDR and 
COC. 

 Remove brass plug from canister fitting. 

 Install pressure gauge/flow controller on canister valve fitting and tighten. If 
pressure gauge has additional (second) fitting, install brass plug from canister 
fitting into gauge fitting and tighten. 

 Open and close canister valve. 

 Record gauge pressure on FDR and COC. Remove brass plug from gauge fitting 
and store for later use.   

 Open canister valve to initiate sample collection. 

 Record air temperature, date and local time (24-hour basis) of valve opening on 
FDR and COC. 

 Take digital photograph(s) of SUMMA® canister and surrounding area. 
 

Termination of 24-hour sample collection: 

 Revisit SUMMA® canister approximately at end of sample collection period (e.g., 
24 hours after initiation of sample collection) and record gauge pressure on FDR 
and COC. 

 Record air temperature, date and local time (24-hour basis) of valve closing on 
FDR and COC. 

 Close canister valve. 

 Remove pressure gauge and flow controller from canister.   

 Reinstall brass plug on canister fitting and tighten.  

 Remove SUMMA® canister from sample collection area. 
  

Preparation and shipment of sample to analytical laboratory: 

 Pack SUMMA® canister in shipping container, note presence of brass plug 
installed in tank fitting.  

 Complete COC and place requisite copies in shipping container. 

 Close shipping container and affix custody seal to container closure. 

 

5.3.2 Collection of Indoor Air Samples 

Additional information on the procedure for the collection of the indoor air samples is as 

follows: 
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Selection and preparation of indoor air sample collection point: 

 Identify the areas that have the potential for frequent use. 

 Observe the area for the apparent presence of items or materials that may 
potentially produce or emit VOCs and interfere with analytical laboratory analysis 
of the collected sample.  

 Record relevant information on the FDR.  

 Using a calibrated PID, screen air in the vicinity of the sample collection location to 
assess the potential presence of VOCs. Record PID readings on the FDR. 

 If PID readings are recorded, the Field Operations Leader will determine whether 
the sampling should proceed. 

 

Preparation of 24-hour SUMMA® canister and collection of sample: 

 Place SUMMA® canister on floor if possible. As an alternate, canister can be 
placed on a stable surface. Avoid placing canisters near windows or other potential 
sources of drafts and air supply vents. Sample intake should be approximately two 
to four feet above the floor.   

 One sample should be collected from near the middle of the structure. If two 
samples are to be collected, then one of the sample locations should be the 
master bedroom or the bedroom of the youngest child. 

 Record SUMMA® canister and flow controller identification numbers on FDR and 
COC. 

 Record sample identification on canister identification tag, and record on FDR and 
COC. 

 Remove brass plug from canister fitting. 

 Install pressure gauge/flow controller on canister valve fitting and tighten. If 
pressure gauge has additional (second) fitting, install brass plug from canister 
fitting into gauge fitting and tighten. 

 Open and close canister valve. 

 Record gauge pressure on FDR and COC.  

 Remove brass plug from gauge fitting and store for later use.   

 Open canister valve to initiate sample collection. 

 Record air temperature, date and local time (24-hour basis) of valve opening on 
FDR and COC. 

 Take digital photograph(s) of SUMMA® canister and surrounding area. 

 

Termination of 24-hour sample collection: 

 Revisit SUMMA® canister approximately at end of sample collection period (e.g., 
24 hours after initiation of sample collection) and record gauge pressure on FDR 
and COC. Gauge pressure should read >1 and <10 inches of mercury (Hg).  
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 Record air temperature, equipment serial numbers, date and local time (24-hour 
basis) of valve closing on FDR and COC. 

 Close canister valve. 

 Remove pressure gauge and flow controller from canister.   

 Reinstall brass plug on canister fitting and tighten.  

 Remove SUMMA® canister from sample collection area. 
  

Preparation and shipment of sample to analytical laboratory: 

 Pack SUMMA® canister in shipping container, note presence of brass plug 
installed in tank fitting.  

 Complete COC and place requisite copies in shipping container. 

 Close shipping container and affix custody seal to container closure. 

 

5.3.3 Collection of Ambient Air Samples 

Ambient (outdoor) air samples will be collected in the vicinity of the residential structures. 

Two ambient air samples will be collected between a surface water feature containing 

Site-related VOCs and the adjacent residence(s) where a crawlspace/indoor air sample is 

collected (see Figure 2 of VI Work Plan). Additional information on the procedure for the 

collection of the ambient air samples is as follows: 

 

Selection and preparation of ambient sample collection area: 

 Choose an area for sample collection that is upwind of the residence(s) being 
assessed, if possible. Collect sample away from wind breaks, if possible. 

 For locations between a residence and a surface water feature identified as having 
concentrations of Site-related VOCs, choose a location approximately one-half the 
distance between the residential structure and the surface water feature (see 
Figure 2 of the VI Work Plan).  

 Observe the area for the apparent presence of items or materials that may 
potentially produce or emit VOCs and interfere with analytical laboratory analysis 
of the collected sample.  

 Record relevant information on FDR. 

 Using a calibrated PID, screen ambient air in the location intended for sampling to 
assess the potential presence of VOCs.  Record PID readings on the FDR.  
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Preparation of SUMMA® canister and collection of ambient air sample 

 Place SUMMA® canister on a stable surface or suspended from a structure/tree 
with nylon rope, with the sample intake at a height of three to five feet above the 
ground.  

 Record SUMMA® canister and flow controller identification numbers on FDR and 
COC. 

 Record sample identification on canister identification tag, and record on FDR and 
COC. 

 Remove brass plug from canister fitting. 

 Install pressure gauge/flow controller on canister valve fitting and tighten.  If 
pressure gauge has additional (second) fitting, install brass plug from canister 
fitting into gauge fitting and tighten. 

 Open and close canister valve. 

 Record gauge pressure on FDR and COC.  Remove brass plug from gauge fitting 
and store for later use.   

 Open canister valve to initiate sample collection. 

 Record air temperature, date and local time (24-hour basis) of valve opening on 
FDR and COC. 

 Take digital photograph(s) of SUMMA® canister and surrounding area. 
 

Termination of ambient sample collection 

 Revisit SUMMA® canister approximately at end of sample collection period (e.g., 
24 hours after initiation of sample collection) and record gauge pressure on FDR 
and COC. 

 Record air temperature, date and local time (24-hour basis) of valve closing on 
FDR and COC. 

 Close canister valve. 

 Remove pressure gauge/flow controller from canister.   

 Reinstall brass plug on canister fitting and tighten.  

 Remove SUMMA® canister from sample collection area. 
 

Preparation and shipment of sample to analytical laboratory 

 Pack SUMMA® canister in shipping container, note presence of brass plug 
installed in tank fitting.  

 Complete COC and place requisite copies in shipping container. 

 Close shipping container and affix custody seal to container closure. 
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5.3.4 Collection of Quality Assurance/Quality Control Samples 

The collection of quality assurance/quality control samples, as described in the QAPP, will 

include the submittal of field duplicate and trip blank samples to the analytical laboratory 

for analyses of Site-related VOCs. Duplicate samples will be collected using two SUMMA® 

canisters connected with a stainless steel “tee” fitting to produce one air inlet. 

 

5.4 SURVEYING 

The coordinates and location descriptions of previously collected air samples are 

contained in reports provided by USEPA. If a sampling location is modified (i.e., the 

sample has to be collected from a different location in the structure), the modified location 

will be noted in the field log book and will be surveyed as described below. Ambient air 

sampling locations and new air sampling locations will be surveyed as described below. 

 

Sampling locations will be surveyed using a Trimble® Global Positioning System (GPS) or 

similar instrument. As specified in SESD Operating Procedure “Global Positioning 

System,” effective date April 20, 2011, sample locations will be located with three meter 

accuracy. If a location is in an area where a GPS signal cannot be received (e.g. areas 

with tree canopy or inside the structure), the GPS locations will be located from the 

nearest point where a signal is received and deviations will be noted in the field book. 

 

6.0 DECONTAMINATION PROCEDURES 

Field equipment requiring decontamination will not be employed during implementation of 

the Vapor Intrusion Assessment. Air canisters, and associated flow controllers and 

pressure gauges, will be individually cleaned and certified by the laboratory prior to use.  

 

7.0 MANAGEMENT OF INVESTIGATION DERIVED WASTE 

The procedures associated with the management of investigative derived waste (IDW) 

have been developed in accordance with the SESD Operating Procedure “Management of 

Investigation Derived Waste,” effective October 15, 2010. IDW that will potentially be 

generated during implementation of the air sampling program include personal protective 

equipment and disposable items. The IDW to be generated during implementation of the 
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air sampling is expected to be relatively free of contamination. IDW will be placed in trash 

bags and disposed of in a municipal solid waste dumpster. 
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1.0 INTRODUCTION 

On behalf of CTS Corporation (CTS), AMEC Environment & Infrastructure, Inc. (AMEC) 

has prepared this Quality Assurance Project Plan (QAPP) for the CTS of Asheville, Inc. 

Superfund Site (Site) located in Asheville, Buncombe County, North Carolina. The 

activities described in this QAPP will be performed pursuant to the Administrative 

Settlement Agreement and Order on Consent for Remedial Investigation/Feasibility Study 

between the United States Environmental Protection Agency (USEPA) Region 4 and CTS 

Corporation, effective January 26, 2012 (Settlement Agreement). 

 

This QAPP has been designed to be a project document that is applicable to the 

evaluation of vapor intrusion. This QAPP, in conjunction with the Field Sampling and 

Analysis Plan (FSAP), are included in the Vapor Intrusion Assessment (VI Work Plan) and 

provide the framework upon which the sampling activities will be conducted. The QAPP 

has been prepared to document how the sampling activities will be completed and 

includes investigation procedures, sampling methods, analytical methods, sample 

management, documentation procedures and quality assurance (QA) review procedures.  
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2.0 PROJECT MANAGEMENT 

This section provides the overall approach to manage activities described in the VI Work 

Plan and includes the following: 

 Project organization and responsibilities 

 Problem definition 

 Project description 

 Data quality objectives 

 Method performance objectives 

 Special training, requirements, and certification 

 Documentation and records management 

 

2.1 PROJECT ORGANIZATION AND RESPONSIBILITIES 

The various responsibilities of key project personnel are presented in this section and a 

project organizational chart is presented in Appendix A. 

 

2.1.1 AMEC Environment & Infrastructure, Inc. 

AMEC will execute the Vapor Intrusion Assessment from its Asheville, North Carolina 

office with support from other AMEC offices. Project personnel and duties are described in 

the following sections. 

 

2.1.1.1 Project Manager 

The Project Manager, Mr. Matthew Wallace, PE (North Carolina), will be responsible for 

the scope, cost, and technical considerations related to the project; staff and project 

coordination; and implementation of review of overall project quality related to the 

collection, completeness, and presentation of data. The Project Manager oversees the 

technical work conducted by the Field Operations Leader, quality assurance activities by 

the Quality Assurance Manager, and health and safety activities by the Site Health and 

Safety Supervisor.  

 

2.1.1.2 Field Operations Leader 

The Field Operations Leader (FOL), Ms. Susan Kelly, LG, PE (North Carolina), will be 

responsible for executing the planned work elements, issuing specific instructions for 
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performing assigned work elements, and performing and directing the work so it is 

conducted in compliance with project-specific objectives and applicable QA procedures. 

The FOL will coordinate with the Project Manager and Quality Assurance Manager to 

review general work plans and specific work elements. The FOL maintains field 

documentation and deliverables in the project files during the performance of the assigned 

tasks. For field sampling activities, the FOL will be responsible for performing and/or 

overseeing the field work, preparing proper documentation, and ensuring proper handling 

of samples from sampling activities. The FOL has the authority to issue a stop work order 

if field sampling operations are not being conducted in accordance with the requirements 

specified in the Work Plan/FSAP/QAPP or when worker safety becomes an issue. 

 

2.1.1.3 Quality Assurance Manager  

The Quality Assurance Manager, Mr. Christian Ricardi, NRCC-EAC of AMEC’s Portland, 

Maine office, will be responsible for reviewing the project QA program as it relates to the 

collection and completeness of data from field and laboratory operations. Mr. Ricardi’s 

primary responsibilities include review of quality assurance/quality control (QA/QC) 

protocols, ascertaining quality of environmental data collected to verify that it meets 

proposed data quality objectives, and identifying and verifying corrective actions, if any 

become necessary. 

 

2.1.1.4 Project Chemist 

A Project Chemist will responsible for reviewing laboratory reports for accuracy and 

completeness, performing data validation using general procedures described in USEPA 

Region 4’s Data Validation Standard Operating Procedures for Organic Analysis (USEPA, 

2008) modified for evaluation of USEPA Method TO-15/TO-15 SIM (selective ion 

monitoring). The Project Chemist will submit the validated laboratory reports with QA/QC 

Evaluation Sheets to the Quality Assurance Manager. 

 

2.1.1.5 Site Health and Safety Supervisor 

The Site Health and Safety Supervisor, Ms. Susan Kelly, LG, PE, is responsible for 

developing, implementing, and updating the Site Health and Safety Plan (HASP) to be 

consistent with anticipated conditions that may be encountered during field operations. 

Ms. Kelly will also serve as the FOL during implementation of the VI Work Plan. 
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2.1.2 Analytical Laboratory 

Laboratory analyses will be performed by ALS Environmental of Simi Valley, California. 

Personnel organization, responsibility, and training for the laboratory can be found in ALS 

Environmental’s Quality Assurance Manual (QAM), which is included in Appendix B.  

 

2.2 PROJECT DESCRIPTION 

The project involves collecting air samples from crawlspaces and indoor locations at 

residences previously assessed by USEPA that are contiguous to the Site and/or 

proximate to the currently known contaminated groundwater plume. Ambient air samples 

will also be collected to evaluate ambient outdoor air quality conditions. The collected air 

samples, and associated QA/QC samples will be submitted for analysis of Site-related 

VOCs, according to USEPA Method TO-15 SIM. Concentrations of detected constituents, 

if any, will be compared to risk-based screening values to indicate the potential for the 

occurrence of vapor intrusion to pose a potential risk to the residential receptors. As 

additional data is collected during implementation of the Remedial Investigation, the VI 

Work Plan might be modified to include additional sampling locations/events. 

 

2.3 DATA QUALITY OBJECTIVES 

Data collected at a site needs to be of sufficient quality and quantity to support defensible 

decision making. Data quality objectives (DQOs) are identified before the sampling and 

analysis begin. DQOs will be used to ascertain the type, quality, and quantity of data 

necessary to address problems. The USEPA guidance document, Guidance on 

Systematic Planning Using the Data Quality Objectives Process (USEPA, 2006), outlines 

the following seven-step process for establishing DQOs: 

1. State the Problem. Concisely describe the problem to be studied. 

2. Identify the Goal of the Study. State how environmental data will be used in 
meeting objectives and solving the problem, identify study questions, and define 
alternative outcomes. 

3. Identify Information Inputs. Identify data and information needed to answer 
study questions. 

4. Define the Study Boundaries. Specify the conditions (time periods, spatial areas, 
and situations) to which the decision will apply and within which the data will be 
collected. 
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5. Develop the Analytical Approach. Define the conditions by which the decision 
maker will choose among alternative risk management actions. This is usually 
specified in the form of an “if…then…” statement. 

6. Specify Performance or Acceptance Criteria. Define in statistical terms the 
decision maker’s acceptable error rate based on the consequence of making an 
incorrect decision. 

7. Develop the Plan for Obtaining Data. Evaluate the results of the previous steps 
and develop the most resource-efficient design for data collection that meets all of 
the DQOs. 

 

2.3.1 State the Problem 

Soil and groundwater contamination has been identified at the CTS of Asheville, Inc. 

Superfund Site. The VOC groundwater plume extends beyond the Site boundaries and is 

in the vicinity of residential dwellings. Groundwater discharges at springs located east and 

west of the Site. VOCs might pose a risk to nearby residential receptors via the inhalation 

of vapors emanating from the groundwater plume and/or the springs/surface waters 

adjacent to the Site.   

 

2.3.2 Identify the Goals of the Study 

The principal study question the Vapor Intrusion Assessment addresses is: 

 Do Site-related contaminants detected in the crawlspace and/or indoor air 
samples, if any, indicate the potential for the occurrence of vapor intrusion to 
pose a potential risk to the residential receptors? 
 

Alternative actions include: 

 Take no action. 

 Resample the crawlspace, indoor and/or ambient air. 

 Collect additional indoor air samples. 

 Mitigate or reduce the source of the air contamination. 

 Remove occupant(s) from residence. 

 

2.3.3 Identify Information Inputs  

The primary information input needed to support the decision making process will be the 

results of analyses performed on the collected air samples, as well as the environmental 

conditions present during sample collection. Prior to collecting air samples, the interior of 

each residence will be observed to collect information about the structure (e.g., 

configuration, presence/absence of a vapor barrier, heating/cooling systems, etc.) and to 
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document factors that could influence the air sampling results (e.g., products or chemicals 

containing VOCs). An Occupied Dwelling Questionnaire, such as the one included in 

Appendix C of the VI Work Plan, will be completed in coordination with the occupant of the 

residence prior to initiating the air sampling activities. Two crawlspace and two indoor air 

samples will be collected. 

 

Four ambient air samples will be collected to determine if there are anthropogenic sources 

of contamination in the area where the crawlspace and indoor air samples will be 

collected. The results of the ambient air samples will be compared to the crawlspace and 

indoor air sample results where VOCs are detected to evaluate whether the crawlspace 

and/or indoor air sample results are the result of anthropogenic source(s) or from 

subsurface vapor intrusion. 

 

Two of the ambient air samples will be collected at the locations depicted in Figure 2 of 

the VI Work Plan. The two pre-determined ambient air sample locations are approximately 

half of the distance between the nearest residence in an area of one to three residences 

where crawlspace and indoor air samples will be collected and a surface water feature 

(e.g., spring or creek) where Site-related VOCs have been detected. The other two 

ambient air samples will be collected upwind of the area of each of the residences where 

crawlspace samples will be collected. The predominant wind direction will be determined 

so that placement of two ambient air sample canisters can be established. Two ambient 

air samples will be collected upwind of the structures where crawlspace air samples are 

collected, as described in Section 5.3.2 of the FSAP.  

 

Meteorological data will be collected to document the weather conditions during the time 

period when the samples are collected. Meteorological data, including wind speed and 

direction, temperature, and barometric pressure, will be obtained from the State Climate 

Office of North Carolina website (Climate Retrieval and Observations Network of the 

Southeast Database) that publishes hourly meteorological data measured at the Asheville 

Regional Airport. The Asheville Regional Airport is located approximately 4.5 miles 

southwest of the Site. 
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The air samples will be submitted for Site-related VOCs according to USEPA Method TO-

15 SIM. The Site-related VOCs include trichloroethene and its breakdown/daughter 

compounds, as follows: 

 trichloroethene 

 cis-1,2-dichloroethene 

 trans-1,2-dichloroethene 

 vinyl chloride 
 

Performance and acceptance criteria are described in Section 2.4 of the QAPP. 

 

2.3.4 Define the Study Boundaries 

The target populations for the study include: 

 Two air samples collected in residential crawlspaces and indoor air locations 
(population is the 6 Liters of air collected at each location by the sampling 
container over a 24-hour period of time) 

 Four ambient air samples collected (population is the 6 Liters of air collected at 
each location by the sampling container over a 24-hour period of time) 

 

Samples will be collected from the crawlspaces at residences previously assessed by 

USEPA that are contiguous to the Site and/or proximate to the currently known 

contaminated groundwater plume. Sample locations are depicted in Figure 2 of the VI 

Work Plan. Samples will be collected from those residences where permission to collect 

air samples is granted by the owner of the residence. Ambient (outdoor) air samples 

associated with the crawlspace air samples will also be collected.  

 

The air samples will be collected in SUMMA® canisters over a 24-hour period. The 

sampling activities are expected to take up to three days to complete.  

 

Practical constraints that might interfere with the investigation include: 

 Access to sampling location is not granted from property owner 

 Physical limitations to the proposed sampling location (i.e., sampling personnel 
cannot physically enter crawlspace) 

 Weather (air samples will not be collected during rain or snow conditions) 

 Vegetation (restricting deployment of ambient air samples) 
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The smallest unit on which decisions will be made are the analytical results of individual 

air samples.  

 

2.3.5 Develop the Analytic Approach 

The analytical results of constituents detected in the crawlspace and indoor air samples, if 

any, will be compared to their associated USEPA Regional Screening Level (RSL) and/or 

Generic Screening Level (GSL) for indoor air. For screening purposes, the analytical 

results of the indoor air samples will be compared to the most current residential air RSL. 

If crawlspace air samples are collected without a corresponding indoor air sample, the 

RSLs will be divided by a crawlspace to indoor air attenuation factor of 0.53 for evaluation 

of the results. USEPA Method TO-15 SIM has quantitation limits that are less than the 

RSLs and/or GSLs, where established, so that potential contaminants can be detected if 

they are present at concentrations greater than their associated RSL/GSL (Table 1).  

 

2.3.6 Specify Performance or Acceptance Criteria 

Data is subject to random and systematic errors at different stages of the collection 

process and typically include the following components: 

 Sampling Error: Sometimes called Statistical Sampling Error, is influenced by the 
inherent variability of the population over space and time, the sample collection 
design, and the number of samples taken. It is usually impractical to measure the 
entire population space, and limited sampling may miss some features of the 
natural variation of the measurement of interest. Sampling design error occurs 
when the data collection design does not capture the complete variability within the 
population space, to the extent appropriate for making conclusions. Sampling error 
can lead to random error (i.e., random variability or imprecision) and systematic 
error (bias) in estimates of population parameters. 

 Measurement Error: Sometimes called Physical Sampling Error, is influenced by 
imperfections in the measurement and analytical system. Random and systematic 
measurement errors are introduced in the measurement process during physical 
sample collection, sample handling, sample preparation, sample analysis, data 
reduction, transmission, and storage. 

 

The vapor intrusion assessment is a systematic study of individual locations and 

assessment of statistical error is not planned. Measurement error is addressed by 

establishing standardized methods of sample collection and through the validation of 

analytical data.   
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Data from off-Site laboratory analysis will be reviewed and validated as described in 

Section 5.0. Results will be evaluated based on criteria in the referenced analytical 

method and USEPA validation guidelines. Results may be accepted without qualification 

or with validation qualifiers (e.g., J, UJ). Results that don’t meet minimum criteria for 

acceptance (i.e., qualified as rejected during validation) will be unacceptable for decision 

making purposes. Project quality goals (i.e., acceptance criteria) are presented in Table 2.  

 

2.3.7 Develop the Plan for Obtaining Data 

A systematic/judgmental sampling design will be implemented, as crawlspace, indoor and 

ambient air samples will be collected from properties that have been previously assessed 

by USEPA that are contiguous to the Site and/or proximate to the currently known 

contaminated groundwater plume. Prior to collecting the air samples, the interior of each 

residence will be surveyed to collect information about the structure (e.g., configuration, 

presence/absence of a vapor barrier, heating/cooling systems, etc.) and to assess factors 

that could influence the air sampling results (e.g., products or chemicals containing 

VOCs). Prior to collecting the air samples, the interior of each residence will be surveyed 

to collect information about the structure (e.g., configuration, presence/absence of a vapor 

barrier, heating/cooling systems, etc.) and to assess factors that could influence the air 

sampling results (e.g., products or chemicals containing VOCs). The following steps are 

included to obtain data: 

 Identify sample locations and obtain permission to collect sample. 

 Survey sample locations and remove potential indoor sources. 

 Collect samples for laboratory analysis. 

 Obtain analytical results from laboratory and complete data validation. 

 Compare results to project objectives identified in Section 2.3.2. 

 Complete actions for individual locations based on analytical data. 

 

2.4 METHOD PERFORMANCE OBJECTIVES 

Performance objectives are defined for field data and fixed laboratory data. Method 

performance objectives for work performed are expressed in terms of precision, accuracy, 

representativeness, comparability, completeness, and sensitivity. Target analytes and 

detection limits are summarized in Table 1. Project QA/QC acceptance criteria for air 
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samples are summarized in Table 2. The following sections describe the method 

performance parameters and calculations, as appropriate.  

 

2.4.1 Precision  

Precision is described as the agreement among a set of duplicate or replicate 

measurements. Precision is measured using relative percent difference (RPD) for two 

data points, as follows: 

RPD =   2/

100

21

21

XX

xXX




 

 where:  RPD =  relative percent difference between duplicate results 

 X1 and X2 =  results of original sample and duplicate analyses 

 |X1 - X2| =  absolute difference between duplicates X1 and X2 

 

2.4.1.1 Field Precision 

Field precision is assessed through the collection and measurement of field duplicates 

(one extra sample in addition to the original field sample). Field duplicates will be collected 

at a frequency of one per ten investigative samples. Precision will be measured through 

the calculation of RPD. The resulting information will be used to assess sample 

homogeneity, spatial variability of samples, sample collection reproducibility, and 

analytical variability. The field precision goal is a RPD less than 50 percent.  

 

2.4.1.2 Laboratory Precision 

The precision of the analysis can be inferred through laboratory duplicate samples. The 

laboratory analyzes one or more of these duplicate samples at a rate of one per 20 

samples. The precision of laboratory analyses will be assessed by calculating the RPD for 

each pair of laboratory duplicate samples. The laboratory precision goal is a RPD less 

than 25 percent. 

 

2.4.2 Accuracy 

Accuracy is the degree of agreement between a measurement or observation and an 

accepted value. 
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2.4.2.1 Field Accuracy 

Field accuracy will be achieved by adhering to sampling, handling, preservation, and 

holding time requirements. Trip blanks will be used to assess the potential for 

contamination of samples due to migration of contaminants (e.g., VOCs) during sample 

shipment, handling, and/or storage. 

 

2.4.2.2 Laboratory Accuracy 

Laboratory accuracy is assessed by analyzing laboratory control samples (LCS). The 

results are expressed as a percent recovery. Surrogate recoveries may also be used to 

assess accuracy. Method blanks will be used to assess possible contamination from 

laboratory procedures. LCSs and method blanks will be analyzed at least once with each 

analytical batch, with a minimum of one for every 20 samples. The percent recovery (% 

recovery) is calculated with the following equation: 

100 x 
T

B-X
 =recovery  % 








 

 where: X = measured amount in sample after spiking 

  B = background amount in sample 

  T = amount of spike added 

 

The laboratory accuracy acceptance criteria are presented in Table 2. 

 

2.4.3 Representativeness 

Representativeness is a qualitative measure of the degree to which sample data 

accurately and precisely represent a characteristic environmental condition.  

Representativeness is demonstrated in the project planning documents by providing full 

descriptions of the sampling techniques and the rationale used for selecting sampling 

locations. Representativeness is reassessed during the data usability process. 

 

A 24-hour sample collection time will be used to obtain samples that are representative of 

daily conditions (i.e., the sample canisters will be deployed for a 24-hour period). Prior to 

deployment of the sample canisters, the air in the vicinity of the location intended for 

sampling will be screened with a calibrated photoionization detector (PID) to assess the 

potential presence of VOCs. The presence of elevated VOC concentrations from other 
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sources (i.e., not from vapor intrusion) could result in the collected sample to be diluted, 

which would adversely affect the analytical results of the sample (i.e., actual VOC 

concentrations might be too diluted to be detected by the analytical measurement 

equipment). If VOCs are detected by the PID, an alternate sample location will be 

identified where VOCs are not indicated by the PID.  

 

2.4.4 Completeness 

Completeness is a measure of the quantity of valid data obtained from a measurement 

system compared to the quantity that was planned under normal conditions. Percent 

completeness is calculated with the following equation: 

 

 

 

Valid analytical results used to meet completeness objectives are those results that 

provide defensible estimates of the true concentration of an analyte in a sample. These 

valid results include data that is not qualified and data for which QC results indicate 

qualification is necessary but which may still be used to meet project objectives. Invalid 

results are those data for which there is an indication that the prescribed sampling or 

analytical protocol was not followed.  

 

The goal of the Vapor Intrusion Assessment is to obtain field samples and usable 

laboratory data from residential structures identified in the VI Work Plan that have granted 

access for sampling. After the completion of the sampling activities, an assessment of 

sampling completeness will be performed to identify residences where samples were not 

obtained, if any. A second evaluation of completeness will be done upon completion of 

data validation to determine if usable data were obtained from the laboratory for the 

collected samples. If usable data for the Site-related VOCs are not obtained from each 

sampled location, an evaluation will be conducted to determine the impact of missing data 

on the assessment of potential contamination at the missing locations. Recollection of 

samples might be necessary, as determined after assessment of available data from other 

sample locations. A completeness goal of 100 percent is proposed for this project. 

 

% Completeness = Valid Data Obtained x 100 
           Total Data Planned
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2.4.5 Comparability 

Comparability is the degree of confidence with which one data set can be compared to 

another. Throughout sampling on this project, standard methodologies as discussed in the 

FSAP and in this QAPP will be used for both sampling and analysis activities to ensure 

comparability. The intention is to use the same laboratory (ALS Environmental) for 

standard analyses and there should not be a need to assess the comparability of data 

from different laboratories.  

 

2.4.6 Sensitivity 

Sensitivity is the capability of a test method or instrument to quantify sample results at 

levels consistent with the project objectives. The analytical method selected for this 

investigation will provide detection limits sufficient to determine the presence or absence 

of contamination in air samples at low levels. Although there is not a single definition of 

this term, the following terms and definition of detection limits will be used: 

 Method detection limit (MDL) is a statistically determined concentration. It is the 
minimum concentration of an analyte that can be measured and reported with 99 
percent confidence that the analyte concentration is greater than zero as 
determined in the same or a similar matrix. Because of the uncertainty of accuracy 
and precision in this range, sample results greater than the MDL but less than the 
practical quantitation limit will be reported as estimated and flagged with a “J.” 

 Practical quantitation limit (PQL) is the concentration of the target analyte that the 
laboratory has demonstrated the ability to measure within specified limits of 
precision and accuracy during routine laboratory operating conditions. This value 
is variable and highly matrix-dependent. It is the minimum concentration that the 
laboratory will report as unqualified. 
 

Laboratory method detection and practical quantification limits are presented in Table 1. 

The laboratory PQLs and MDLs were compared to applicable RSLs and GSLs, where 

established, for the constituents analyzed. With the exception of trichloroethene (TCE), 

the PQLs are less than the associated RSLs and/or GSLs, where established (i.e., a RSL 

has not been established for cis-1,2-dichloroethene). The PQL for TCE is 0.025 

micrograms per cubic meter (g/m3) and the GSL is 0.022 g/m3; however, the MDL for 

TCE is 0.0067 g/m3, so an estimated concentration of TCE can be determined if TCE is 

present in an air sample.   
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2.5 SPECIAL TRAINING/CERTIFICATION 

Training of field personnel will be provided by the FOL. Routine training will be completed 

at the beginning of each field event if required. The FOL will review applicable procedures 

with each field personnel to verify that the project requirements and procedures are 

understood and implemented properly. Field personnel will review and follow 

manufacturer’s operating procedures for field equipment, such as the PID.  

 

Personnel conducting work at the Site will be appropriately trained in health and safety 

procedures. If appropriate, personnel conducting work covered by this QAPP will have 

obtained at a minimum, the 40-hour hazardous waste-site worker training program and 

the 8-hour annual refresher course in compliance with regulations stated in 29 CFR Part 

1910.120. Certificates or documentation representing completion of training will be 

maintained in personnel files. The Project Manager or FOL will verify that personnel have 

the necessary training and certifications prior to the implementation of the project. 

 

A Site HASP has been developed specific to the Site activities discussed in this QAPP. 

The HASP applies to AMEC employees and AMEC subcontractors, only. Personnel 

implementing the air sampling activities will be required to read, understand, and conform 

to the requirements of the HASP. If new information arises, the HASP will be updated, as 

necessary, to ensure compliance with the Occupational Safety and Health Act (OSHA) 

and safe working conditions. 

 

2.6 DOCUMENTS AND RECORDS 

Critical records for the work will be maintained in AMEC’s Asheville, North Carolina, office. 

File maintenance will be under the direct control of the Project Manager. Project records 

will be organized with a project-specific file and document numbering system in 

accordance with AMEC protocols.  

 

The anticipated project records include: 

 Project log book(s)   

 Field data records (FDRs)   

 Safety records, as specified in the Site HASP 
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 Chain of custody records 

 Laboratory reports 
 
The hard copy records will be stored in AMEC’s Asheville, North Carolina office. 

 

The anticipated electronic records include: 

 Laboratory electronic data deliverables (EDDs) 

 Final validated laboratory analytical results 

 Meteorological data obtained from internet sources 

 Survey data 

 Photographs (digital) 

 Scanned hard copy information (e.g., log books, FDRs, etc.) 
 

The electronic records will be stored on AMEC’s Asheville, North Carolina office server, 

which is backed up daily. Electronic data will be available to other AMEC office servers, as 

necessary for data validation, presentation, etc.; however, the original data documents will 

be stored on the Asheville server.    

 

The off-Site laboratory (ALS Environmental) will submit analytical results in hard copy and 

electronic formats. The electronic data will be submitted as EDDs in accordance with the 

format described in Table 3. The analytical results will be imported into the AMEC 

Technical Environmental Database (TED). The TED is an Oracle-based relational 

database designed with using Microsoft structured query language. The TED is used to 

manage and store a variety of records generated during field investigations, including 

sample location information and analytical data. The TED can provide output files, such as 

Excel, for use in data validation and subsequent importation of data qualification actions. 

A variety of data output formats are available including sample results summary tables, 

summaries of data qualification actions, trend analysis for long term monitoring programs, 

and queries used to generate figures and tables in contamination and risk assessments. 

The TED data are permanently stored on a secure AMEC server that is backed up daily. 

 

The primary documents to be produced for the project are the Vapor Intrusion 

Assessment Report and the draft transmittal letters. The Vapor Intrusion Assessment 

Report will include: 



CTS of Asheville, Inc. Superfund Site  
Vapor Intrusion Assessment Work Plan: QAPP (Revision 4)   
AMEC Project 6252-12-0006 
March 14, 2014                 
  

 16 

 A description of the work performed, including sampling and laboratory procedures 

 An evaluation of the analytical results with respect to the RSLs and GSLs 

 A screening-level assessment of potential human health risk associated with 
detected analytes in the air samples 

 A map depicting the sampling locations 

 A table summarizing the analytical results of the samples 

 A data validation summary with associated documentation and the laboratory 
analytical results 

 

The draft transmittal letters will be prepared in accordance with “Communicating 

Environmental Data to Property Owners and Tenants” (USEPA, 2010).  

 

If this QAPP, or the associated VI Work Plan or FSAP, is updated/modified, the updated 

version(s) will be distributed to those persons identified in the distribution list. If the 

modifications are minor, then only the portions of the document with the modifications will 

be disturbed; otherwise, the entire document(s) will be distributed.  

 

Retention of files will be in accordance with the Settlement Agreement, which requires the 

preservation and retention of records and documents during the pendency of the 

Settlement Agreement and for a minimum of fifteen years after completion of construction 

of any remedial action. 
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3.0 MEASUREMENT AND DATA ACQUISITION 

The following sections describe the design and implementation of measurement 

procedures and discuss the methods to be used for sampling, analysis, data handling, 

and QC in support of the tasks performed. 

 

3.1 SAMPLING PROCESS DESIGN 

The VI Work Plan describes the proposed sampling plan, including planned sampling 

locations, rational for the sampling locations, and measurement methods. Procedures for 

air sampling, surveying, decontamination, and management of investigation derived waste 

are described in the FSAP. 

 

Samples will be collected from the crawlspaces at residences previously assessed by 

USEPA that are contiguous to the Site and/or proximate to the currently known 

contaminated groundwater plume. Samples will be collected from those residences where 

permission to collect air samples is granted by the owner of the residence. Ambient air 

samples associated with the crawlspace air samples will also be collected. The air 

samples will be collected in 6-Liter SUMMA® canisters over a 24-hour period and 

submitted for analysis of Site-related VOCs according to USEPA Method TO-15 SIM. 

 

3.1.1 Sampling Method 

The sampling method for the collection of crawlspace and ambient air samples is 

described in Section 5.3 of the FSAP.   

 

Field equipment for the project includes: 

 A PID for detecting potential VOCs in the area of the sampling activities  

 SUMMA® canisters  

 Pressure gauges for SUMMA® canisters  

 Flow controllers for SUMMA® canisters 
 

Field supplies for the project include: 

 FDRs and log books 

 Personal protective equipment (e.g., nitrile gloves) 

 Measuring tapes (engineers scale) 
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 Shipping containers (cardboard boxes) 

 Packing tape 

 Black ink pens 

 Digital camera  

 Calibration gases (supplied with rented equipment) 
 

Support supplies/equipment include: 

 Vehicles for personnel and sample transport 

 Supplies to deploy air canisters, if needed 

 

3.1.2 Field Sampling Documentation 

Documentation of field activities will be completed using a combination of logbooks, 

FDRs, and sample custody records. Field logbooks will be completed to provide a general 

record of activities and events that occur during each field task. FDRs have been 

designed for exploration or sample collection tasks, to provide a complete record of data 

obtained during the activity. Examples of FDRs that will be used during the air sampling 

activities are included as Appendix C.  

 

Deviations from the procedures specified in the QAPP and the FSAP will be documented 

in the field logbook and applicable FDRs. Such deviations may be dictated by Site-specific 

conditions encountered during the sampling activity. 

 

3.1.2.1 Field Logbooks 

The field logbook provides a daily hand written account of all field activities.  Logbooks will 

be permanently bound and entries will be made in permanent black or blue ink, and 

corrections will be made with a single line with the author’s initials and date.  Each page of 

the logbook will be dated and signed by the person completing the log. Partially completed 

pages will have a line drawn through the unused portion at the end of each day. The 

following information will generally be entered into the field logbook during implementation 

of the Vapor Intrusion Assessment: 

 Project name and number 

 Date and time of each entry 

 Weather conditions anticipated for the day, or as weather conditions change 
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 Site personnel and their responsibilities 

 Descriptions of important tasks or subtasks 

 A description of samples collected (if not documented on a FDR) 

 A summary of problems encountered during the day, including cause of problem 
and corrective actions implemented, if appropriate 

 

3.1.2.2 Field Data Records 

Field data records contain sample collection and/or exploration details. Examples of FDR 

forms anticipated to be used during implementation of the Work Plan are contained in 

Appendix C. FDRs will be completed in the field by field personnel at the time 

testing/sampling is done. The goal of the FDR is to document exploration and sample 

collection methods, materials, dates and times, and sample locations and identifiers. Field 

measurements and observations associated with a given exploration or sample collection 

task will be recorded on the FDR. FDRs will be maintained throughout the field program in 

files that become a permanent record of field program activities. FDRs anticipated for the 

Vapor Intrusion Assessment include Photograph Logs and Air Sampling Records.   

 

3.2 SAMPLE HANDLING AND CUSTODY 

The following sections describe how samples will be identified, contained, packaged, 

transported, and tracked during sampling and analysis activities. The FOL will maintain 

the field logbook and will be responsible for sample custody in the field.  

 

3.2.1 Sample Designation 

Samples will be designated on the basis of sample type (e.g., field sample or QA/QC 

sample) and associated location, if applicable. Sample identification numbers will be 

assigned to the sampling locations in a sequential manner, beginning with “-01”. The 

sample identification number will remain the same for a particular sampling location 

throughout the duration of the Remedial Investigation, if additional samples are collected 

at the same location at a later time.  

 

Field samples will be designated with the air sample type (i.e., crawlspace or ambient) 

and the predetermined location identification number. Crawlspace air samples will be 

identified as “CAS”, indoor air samples will be identified as “IAS”, and ambient air samples 

will be identified as “AAS.”  
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The QC samples will be cross-referenced on the sample FDRs or in the field logbook.  

The QC samples will have a prefix identifying their purpose, followed by the sequential 

number, as follows:  

 FD-01 (field duplicate)    

 TB-01 (trip blank)  
 

Each sample submitted for analysis at the laboratory will be identified with a unique 

identification number (sample ID). These sample ID will be tracked from collection through 

laboratory analysis and into the final reports. The sample IDs will be recorded on a FDR 

during the sampling activities. The sample information will be recorded on FDRs or in the 

field logbook with sample designation information while in the custody of the sampling 

team. A sample label, or a tag, will be completed and attached to each sample container 

for every sample collected. Labels will be completed using an ink pen, and will contain at 

least the following information: 

 Project name or number 

 Date and time of sample collection 

 Sample identification number 

 Sampler’s initials 

 Analysis to be conducted 

 

3.2.2 Sample Collection and Preservation  

Air samples will be collected using 6-Liter SUMMA® canisters supplied by the laboratory.  

The canisters will be individually cleaned and leak checked by the laboratory. ALS 

Environmental’s standard operating procedures related to cleaning and pressurizing the 

SUMMA® are included as Appendix D (“Standard Operating Procedure for Cleaning and 

Certification of SUMMA Canisters and Other Specially-Prepared Canisters”) and Appendix 

E (“Standard Operating Procedure for Evaluation and Pressurization of Specially 

Prepared Stainless Steel Canisters”). Flow controllers and vacuum gauges will also be 

supplied by the laboratory. The flow controller will be adjusted by the laboratory so that 

the canisters will collected a sample over a 24-hour period under vacuum. The samples 

will be submitted for Site-related VOCs according to USEPA Method TO-15 SIM, which 
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has a holding time of 30 days. Sampling procedures are described in Section 5.3 of the 

FSAP.    

 

3.2.3 Sample Packaging and Shipment 

Sample containers will be placed in a shipping container for shipment to the laboratory. 

Custody seals, which are preprinted, adhesive-backed seals designed to break if 

disturbed, will be placed on the shipping container prior to shipment to provide security. 

The custody seals will be signed and dated before leaving AMEC’s possession. Upon 

receipt by the laboratory, the sample custodian will confirm that the custody seals are 

intact or notify the Project Manager or FOL if custody seals have been broken. 

 

Regulations for packaging, marking/labeling and shipping hazardous waste materials and 

waste are issued by U.S. Department of Transportation (USDOT). Air carriers which 

transport hazardous material, such as Federal Express, may also require compliance with 

the current edition of the International Air Transport Association (IATA) Dangerous Goods 

Regulations. Current IATA Regulations will ensure compliance with USDOT protocol.  

 

3.2.4 Chain-of-Custody Records 

The chain-of-custody (COC) record will be placed inside the shipping container. An 

example of the ALS Environmental’s COC is on page 27 (Figure 6-1) of ALS 

Environmental’s QAM (Appendix B). The sampling personnel will retain a copy of the 

COC. The COC will include at least the following information: 

 Name of person collecting the samples 

 Date and time samples were collected 

 Sample ID 

 Canister and flow controller ID 

 Canister pressure (start and stop) 

 Analyses requested 

 Signature of the sampling person relinquishing samples to a non-sampling person 
(such as a Federal Express agent or laboratory courier), with the date and time of 
transfer 
 

In addition, if samples are known to require expedited turnaround in the laboratory due to 

project time constraints or analytical concerns such as extraction time or sample retention 
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period limitations, the person completing the COC record will note these constraints in the 

remarks section of the custody record and will notify the Laboratory Project Manager of 

the expedited turnaround requirement. 

 

3.2.5 Laboratory Custody Procedures 

Information regarding the laboratory’s sample receipt, handling and custody procedures 

are presented in ALS Environmental’s QAM (Section 6.0). Below is a brief overview of lab 

custody procedures.  

 

Upon arriving at the laboratory, samples are logged in by a designated sample custodian 

giving each sample a unique laboratory designation/ID. Sample receipt protocols and 

storage conditions include the following: 

 Verify samples received are listed in the COC. Notify Laboratory Project Manager 
if not listed. 

 Verify that sample holding times have not been exceeded. Notify Laboratory 
Project Manager if hold times have been exceeded. 

 Examine shipping records for accuracy and completeness. 

 Sign COC and attach the waybill. 

 Note any other problems with the samples on the receipt form, specifically with 
preservation and contact the Laboratory Project Manager if problems are 
identified. 

 Log samples into the Master Logbook and into the Laboratory Information 
Management System, and attach the laboratory sample numbers to each sample 
container.  

 Measure the vacuum of the received canisters using a calibrated gauge. 

 Place the samples into proper laboratory storage. 
 

The Laboratory Project Manager will send a copy of the laboratory sample receipt form via 

email to the AMEC Project Manager, or an acceptable representative, and AMEC will 

verify that the samples were received in an acceptable condition. The laboratory will also 

generate an intra-lab COC that will be maintained while the samples are being analyzed 

and remain in lab custody. This procedure ensures that the sample integrity is maintained 

through adequate protection from contamination from outside sources or from highly 

contaminated samples. 
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Holding times are the responsibility of the laboratory for samples received within 48 hours 

of sampling or if less than half of the holding time has passed. If a holding time is 

exceeded, the laboratory will identify and document the root cause of the failure, and will 

contact the Laboratory Project Manager. 

 

3.3 ANALYTICAL METHOD  

Site-related VOCs in air samples and associated QC samples will be analyzed by USEPA 

Method TO-15 SIM. The laboratory’s standard operating procedure for Method TO-15 is 

included as Appendix F. The air samples are collected in specially-prepared stainless 

steel canisters. A known volume of sample is directed from a canister through a solid 

multi-sorbent concentrator where VOCs are trapped.  VOCs are then released by thermal 

desorption and carried onto a gas chromatographic column for separation and 

identification using a mass spectrometer. The mass spectrometer is operated using the 

selective ion monitoring (SIM) mode, which allows for detection of specific analytes with 

increased sensitivity relative to full scan mode. Responses of detected analytes are 

compared to responses of standards with known concentrations to establish the analyte 

concentration present in the sample. 

 

3.4 FIELD QUALITY CONTROL 

The field quality control program ensures that samples collected are representative of the 

media being sampled and that the data generated are valid. Field quality control will be 

accomplished through accurate record keeping in the field logbook and FDRs and 

collection and analysis of QC samples including field duplicates and trip blanks. Field 

quality control criteria are summarized in Table 2.    

 

QC blank data will be reviewed during data validation to assess possible impacts of field 

or lab contamination on sample results. Problems that require corrective action may be 

encountered in the field. Findings that require corrective action will be communicated to 

the Project Manager and documented in the field logbook. The Project Manager will 

confirm that corrective actions have been implemented and that the problem has been 

resolved. If more easily addressed problems are encountered in the field, such problems 

will be addressed and the corrective action noted in the field logbook. If an error is made 
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on an accountable document assigned to one individual, that individual will make 

corrections by crossing a line through the error, entering the correct information, and 

initialing and dating the correction. The erroneous information will not be obliterated. The 

person who made the entry will correct any subsequent error discovered on an 

accountable document. 

 

The following sections describe quality control samples that will be collected during 

implementation of the VI Work Plan.   

 

3.4.1 Field Duplicates 

Field duplicates are two samples taken from the same location at the same sampling time, 

but submitted to the laboratory as a separate sample and analyzed separately. Duplicate 

samples will be collected using two SUMMA® canisters connected with a stainless steel 

“tee” fitting to produce one air inlet. Field duplicates will be collected at a frequency of ten 

percent. At least one duplicate sample will be collected from a crawlspace air sample 

location, one duplicate will be collected from an indoor air location and one duplicate 

sample will be collected from an ambient (outdoor) air sample location. The acceptance 

criteria for field duplicate samples is an RPD of less than or equal to 50 percent. 

 

3.4.2 Trip Blanks 

A trip blank is utilized to detect possible VOC contamination of samples to be analyzed for 

VOCs. A trip blank canister will be individually cleaned and certified by the laboratory and 

will accompany the sample containers during transit, during sampling activities, and during 

storage with the collected samples prior to analysis. One trip blank sample will be 

analyzed per sampling event. The analytical results of trip blank samples will be evaluated 

during the data validation process to determine the representativeness of the field sample 

results and to determine if data qualification actions are necessary. 

 

3.5 LABORATORY QUALITY CONTROL 

Laboratory performance will be monitored by the inclusion of various internal QC checks 

that allow an evaluation of method control (batch QC) and the effect of the sample matrix 

on the data being generated (matrix-specific QC). The overall data quality objectives are 

to implement procedures for the laboratory analysis and reporting of the data that are 
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indicative of the degree of quality consistent with their intended use. Laboratory batch QC 

samples consist of method and instrument blanks, laboratory control samples, and 

calibration verification samples. Matrix specific QC samples consist of field and laboratory 

duplicates. ALS Environmental’s general QC procedures are included in Section 9.0 of 

their QAM (Appendix B). ALS Environmental’s QC procedures for Method TO-15 are 

included ALS Environmental’s standard operating procedure for Method TO-15 (Appendix 

F). 

3.6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

Maintenance and inspection of field and laboratory equipment are described in the 

following sections. 

 

3.6.1 Field Equipment 

Preventative maintenance of field measurement instrumentation and equipment will be 

performed according to the procedures presented in the manufacturer’s instructions. The 

field staff and/or subcontractors are responsible for ensuring instrumentation is operating 

properly prior to use. If problems are encountered, they will be communicated to the FOL 

and documented in the field logbook. The faulty instrumentation/equipment will be 

scheduled for repair and then sequestered and tagged until repaired and qualified for re-

use. 

 

3.6.2 Laboratory Equipment 

Testing, inspection, and maintenance of laboratory instruments/equipment will be 

conducted in accordance with the procedures specified in Section 12 of ALS 

Environmental’s QAM (Appendix B) and Section 10.0 of ALS’s standard operating 

procedure for Method TO-15 (Appendix F).  

 

3.7 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 

General guidance regarding calibration and frequency of calibration of field and laboratory 

equipment are described in the following sections. 

 

3.7.1 Field Equipment 

A thermometer will be used to measure outdoor and indoor air at the beginning and end of 

sample collection at each sample location. A PID will be used to measure the 
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concentration of potential VOCs in the vicinity of the sampling locations. Proper 

maintenance, calibration, and operation of the equipment will be the responsibility of the 

sampling personnel. The equipment used during the field investigations will be 

maintained, calibrated, and operated according to the manufacturer’s guidelines and 

recommendations. Calibration of the equipment will be documented in the field logbook.  

 

The PID will be calibrated using two-point calibration. One point will be zero air calibration 

gas and the second point will be a standard reference gas of known concentration. The 

PID’s computer has a set of known/pre-programmed gases and concentrations, so 

isobutylene at 100 ppm will be selected for the second calibration point. The calibration 

will be verified after the two-point procedure. The calibration will be acceptable when the 

fresh air concentration is within 5 ppm for the zero air calibration, and the gas 

concentration is within 10 percent of the standard gas concentration.   

 

3.7.2 Laboratory Equipment 

The calibration of laboratory instruments and support equipment is necessary to ensure 

that the analytical system is operating correctly and functioning within the guidelines of 

precision, accuracy, and sensitivity. The frequency and type of calibration for laboratory 

equipment/procedures and control limits/acceptance criteria are presented in Section 9.0 

of ALS Environmental’s QAM (Appendix B) and Sections 11.0 and 12.0 of ALS 

Environmental’s standard operating procedure for Method TO-15 (Appendix F). 

 

Reference standards are used to calibrate the equipment.  Physical reference standards 

include weights for scales and balances, and certified thermometers for calibrating 

working thermometers. Chemical reference standards include reference materials 

traceable to recognized standards suppliers, and are generally associated with normal 

instrument calibrations. The standards must be verified by quantitation against a second 

known standard before the data is reported, and must meet specified QC criteria for 

calibration verification. 

 

At minimum, the laboratory equipment must be calibrated and maintained at intervals 

prescribed by the method. An instrument is said to be calibrated when an instrument 

response can be directly related to the concentration of an analyte graphically through the 

use of a calibration curve. The low standard of the curve will be established by the 
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laboratory as the PQL. Results above the highest standard will be diluted into the 

calibration range and reanalyzed. 

 

3.8 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES 

Supplies and consumables that are anticipated to be used during the Vapor Intrusion 

Assessment include SUMMA® canisters, flow controllers, vacuum gauges, calibration gas, 

and personal protective equipment (gloves). The FOL is responsible for confirming that 

the materials meet the required specifications, are intact and in good condition, are 

available in adequate supply, and are stored appropriately until use. Certification of the 

SUMMA® canisters, flow controllers, and vacuum gauges will be provided by the 

laboratory and maintained in the project file. The laboratory’s standard operating 

procedures related to the SUMMA® canisters are included in Appendices D and E. 

 

The PID will be rented from an environmental equipment supplier. Calibration gases will 

be purchased from an environmental equipment supplier and maintained at the AMEC 

Asheville, North Carolina office until use. Calibration gas certifications will be reviewed to 

ensure that they are at the concentration ranges specified for the project and that they are 

within their expiration dates. Certification records will be maintained in the project files. 

Calibration acceptance criteria are indicated on the calibration record in Appendix C. 

 

3.9 NON-DIRECT MEASUREMENTS 

For the purposes of the Vapor Intrusion Assessment, non-direct measurements will 

include information/data from previous investigation reports, information regarding the 

environment of the sample location (i.e., information from the Occupied Dwelling 

Questionnaire), and meteorological data.  Non-directly measured data will be retained in 

the project files. The data may be of unknown quality and will be assessed by the Project 

Manager and Quality Assurance Manager if the non-direct data is used in the decision 

making process.  

 

3.10 DATA MANAGEMENT 

The objective of data management is to establish procedures to be used during field 

investigations for documenting, tracking, and presenting investigative data. Data 
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generated during the field investigations, as well as previously existing data, form the 

basis for developing conclusions and recommendations. Efficient utilization and 

comprehensive consideration of available data requires that the data be properly 

organized for review. Organization of the data will be planned prior to collection to assure 

the generation of identifiable and useable data. This section describes procedures 

necessary to provide for collecting sufficient data to accurately validate raw data and to 

transfer validated data to a data management system through which it can be evaluated 

with minimal effort. This section also describes the operating practices to be followed by 

personnel while collecting and reporting data. 

 

3.10.1 Investigation Data 

The following data will be collected and maintained in the project file:  

 Air sampling records (FDR and logbooks including observations, temperature, and 
PID readings) 

 Meteorological data obtained from the State Climate Office of North Carolina 

 Photographs 

 COC records 
 

The flow of data for the project will be as follows: 

 Field data records, including COCs, will be forwarded to the FOL, if collected by 
others. 

 Air samples will be sent to the selected laboratory.  

 Laboratory results, including EDDs and hard copies, will be sent to the FOL; the 
FOL will forward the laboratory results, including EDDs to the Quality Assurance 
Manager. 

 The Data Reviewer will perform data validation with oversight by the Quality 
Assurance Manager. The validated data will be transferred in electronic format to 
the FOL.  

 

3.10.2 Off-Site Laboratory Data 

The laboratory will provide a hardcopy analytical report to document the chemical testing 

and report analytical results. Data deliverables will include sample result and QC 

summary forms and all supporting raw data needed to verify sample results. For USEPA 

Method TO-15, forms similar to those defined under the USEPA Contract Laboratory 

Program (CLP) deliverables will be required. The laboratory can use customized reporting 

forms providing they contain equivalent information as CLP forms.   
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At a minimum, the data packages from the laboratory will include the following: 

 Data package narrative 

 summary of analytical methods used 
 correlation of field sample identifications and laboratory sample identifications 
 data qualifier definitions 
 deviations from established QA/QC procedures with corrective action 

 
 Sample results 

 project name 
 field sample identification 
 laboratory sample ID 
 unit of measurement 
 batch number 
 collection/extraction/analysis dates 
 detection limits 
 dilution factors 

 
 Sample documentation 

 original chain-of-custody  
 shipping documents 
 receipt forms 

 
 Quality Assurance/Quality Control 

 spike recoveries (LCS) 
 internal standard summary 
 initial calibration summaries 
 GC/MS tuning summaries 
 continuing calibration summaries 
 QC blank summaries 
 measures of precision (laboratory duplicates) 
 control limits for accuracy and precision 
 surrogate recoveries 

 
 Raw data including instrument printouts (run sequence/acquisition files, 

chromatograms and quantitation reports), instrument logbook pages, and sample 
preparation logs. 

 

Sample results will be provided by the laboratory in both electronic and hard copy format.  

Hard copy and EDDs from the laboratory will be transmitted to the Quality Assurance 

Manager and Project Chemist. The electronic data will be provided in a format described 

in Table 3. Electronic lab results will be imported into the AMEC TED. Files of the 

unvalidated electronic data are provided to the Project Chemist for used during data 
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validation. The project chemist will make any necessary data qualification and changes 

based on the data validation review, and qualified results are entered back into the TED 

database. During data validation a quality assurance review of sample results will be 

completed to ensure that the data in the database match the hard copy provided by the 

laboratory.   

 

Final validated laboratory data will be maintained in the TED database to allow easy 

retrieval of information and electronic transfer of the data to other parties. Once final data 

are entered into the TED and validation is completed, data reports will be generated as 

needed to support contamination assessments and report preparation. A data validation 

report will be prepared and will be organized by sample collection task and might include 

multiple sample delivery groups (SDGs). The validation report(s) will include the following 

information:  

 Introduction 

 description of sampling task 
 identity of the laboratory used for analysis 
 a summary of analytical methods 
 a table summarizing summary of SDGs and samples are included in the report 
 a description of the data validation process 
 a table summarizing project QC limits 

 
 Validation actions and observations 

 a discussion of data validation actions, qualifications, and observations 
 a table summarizing all data qualification actions 
 A tabulation of validated samples results  

 
 References cited 

    

Upon completion of the field investigation and subsequent validation of off-Site laboratory 

data, an EDD will be prepared with relevant field information and laboratory data in the 

format specified for environmental data in the Region 4 Science and Ecosystem Support 

Division (SESD) database (Data Archival and ReTrieval – DART or Equis Pro interface). 

This database is the USEPA Region 4 repository for storing Superfund data, which 

includes location, geological, and analytical data. Data will be submitted in accordance 

with the SESD’s Environmental Data Submission Guideline SESDGUID-106-RO (USEPA, 

2010).   
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4.0 ASSESSMENT AND OVERSIGHT 

Internal and external checks (assessments) have been built into this project to assure the 

following: 

 Elements of this QAPP have been properly implemented as prescribed 

 The quality of the data generated is adequate and satisfies the DQOs that have 
been identified in this QAPP 

 Corrective actions, when needed, are implemented in a timely manner and their 
effectiveness is confirmed 
 

Formal audits are not planned for this program. The FOL will provide training and 

oversight to field crews and review field records on a daily basis to verify that sample 

collection procedures and record keeping steps are being completed in accordance with 

the FSAP and QAPP. The USEPA may complete reviews and audits of the field sampling 

events at any time during the monitoring program.  

 

If deviations from the Work Plan, this QAPP, or the FSAP are identified, the information 

will be verbally reported to the Project Manager and noted in the field logbook. Based on 

the severity of the deviation, the Project Manager might request formal documentation of 

the deviation in the form of a memorandum to the project file. The Project Manager will 

determine the timeframe required for corrective action, if corrective action is necessary. 

Corrective actions will be completed and an assessment of the potential impact on data 

quality will be made. Project reviews and summaries of issues requiring corrective actions 

will be summarized in the Site logbook. If potential impact to data quality is identified, a 

summary of the issues, corrective actions, and impacts to data will be provided to the 

Quality Assurance Manager for use during the validation of the analytical data. Impacts to 

data use will be identified in data quality reports prepared for each sampling round.   
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5.0 DATA VALIDATION AND USABILITY 

Data validation involves reviewing and accepting, qualifying, or rejecting data based on 

requirements in the referenced analytical methods, data validation guidelines, and QC 

goals established for this project in Section 2.4. Data validation will be conducted based 

on procedures in the USEPA Region 4 Data Validation Standard Operating Procedures 

for Organic Analysis (USEPA, 2008), in conjunction with Method TO-15 SIM and the ALS 

Environmental TO-15 standard operating procedure (Appendix F). Project QC limits 

identified in Table 2 will be used as to evaluate sample results during validation. Validation 

will be performed by the Project Chemist, under the direction of the Quality Assurance 

Manager.  

 

Data validation will consist of a systematic review of the analytical results and associated 

QC methods and results. In any area not specifically addressed by USEPA guidelines, 

best professional judgment will be utilized and described in the Usability Assessment 

portion of the data validation report. 

 

In general, data validation will include a check of data completeness for data in each data 

package, a transcription check for sample results, and a review of laboratory reporting 

forms. Specifically, this review will include the following: 

 Data package completeness 

 Required reporting summary forms to determine whether the QC requirements 
were met and to determine the effect of QC requirements on the precision, 
accuracy, and/or sensitivity of the data 

 Additional QA/QC parameters, such as field duplicates, to assess the technical 
usability of the data  

 Application of standard data quality qualifiers to the data 

 
In addition, each data validation effort will include a comprehensive review of the following 

data quality indicators: 

 Sample collection, preservation, and holding times (to assess potential for 
degradation that could affect accuracy) 

 Blanks (to assess cross-contamination) 

 Surrogate/system monitoring compounds (to assess method accuracy) 

 Laboratory Control Samples (to assess accuracy of the method) 
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 Instrument tuning and calibration 

 Compound quantitation limits and method detection limits (to assess sensitivity 
compared to project-specific requirements) 

 Field duplicate relative percent differences (to assess precision of the method 
relative to field sampling techniques, the specific sample matrix, and 
representativeness of the sample aliquot to the area sampled, if applicable) 

 

Analytical results may be qualified by the data validator based on actions described in the 

USEPA validation guidelines or professional judgment. Results may be accepted without 

qualification or with validation qualifiers (e.g., U, J, UJ, N). Results that don’t meet 

minimum criteria for acceptance (i.e., qualified as rejected during validation) will be 

unacceptable for decision making purposes. At a minimum, data rejection criteria 

identified in the USEPA validation documents will be applied to results.   

 

The following validation qualifiers may be applied to sample results: 

 U = target analyte is not detected above the associated detection limit 

 J = the reported sample concentration is an estimate value 

 UJ = the reported quantitation limit is an estimated value 

 N = there is uncertainty in the identification of the reported analyte 

 R = constituent rejected and unusable for detect and non-detects 

 

The results of the data validation and any corrective actions implemented will be recorded 

on a QA/QC worksheet, which will be initialed and dated by the data reviewer. The Quality 

Assurance Manager or appropriate designee will provide secondary review of the QA/QC 

worksheet and will also initial and date the worksheet. The initialed and dated QA/QC 

worksheet will be attached to the final analytical laboratory report that is retained in the 

project files. 

 

Full validation, including raw data verification and calculation checks, will be completed on 

the laboratory data. Results will be qualified using general procedures described in the 

USEPA validation guideline and the judgment of the project chemist. Upon completion of 

the validation task, a report will be prepared. Validation reports will be organized by 

sample collection task and may include be designed to report on multiple sample delivery 

groups.  
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The validation report(s) will include the following information:  

 Identity of the laboratory used for analysis 

 A summary of analytical methods 

 A summary of samples that are included in the sample set 

 A discussion of data validation actions, qualifications, and observations 

 A tabulation of validated samples results 

 

Qualifiers applied to the data during validation will be entered into the electronic data 

deliverables in the database.  
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6.0 RECONCILIATION OF DATA TO PROJECT OBJECTIVES 

At the end of the project there will be an assessment of field records, field data, laboratory 

analytical data usability, and project completeness to determine if project objectives 

defined in the FSAP and QAPP have been met. The FOL and Project Manger will review 

field records and reports to verify completeness of field records and identify any issues 

regarding project procedures, collection of field data that did not meet quality objectives, 

the completeness of the samples collected, or corrective actions. A review of the data 

validation report associated with the laboratory data will also be completed by the Quality 

Assurance Manager in cooperation with the FOL and Project Manger to identify data that 

is qualified. An assessment of impacts from field issues or data qualification actions will be 

performed and documented in a data usability report. Impacts might include identification 

of entire samples or a subset of analytes where data are considered unusable. In other 

cases, uncertainties in the accuracy of usable data might be identified.    

 

In the Vapor Intrusion Assessment Report, a data quality and completeness summary will 

be provided that identifies data gaps or analytical data quality issues that are identified in 

field operation reports or analytical data validation reports. The following items will be 

included in the data usability summary: 

 Field investigation scope modifications 

 Field investigation data quality issues 

 Field investigation data gaps (data that was planned for collection and not 
obtained) 

 Field and analytical data completeness 

 Analytical data validation qualification actions and impacts on data usability 

 Analytical detection limits and impacts on data usability 

 

The need for recollection of sample or other actions related to the data usability will be 

determined on a case by case basis with input from the USEPA Project Manager.  
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OCCUPIED DWELLING QUESTIONNAIRE

Indoor Air Assessment Survey

Date: _______________

1. Name:__________________________________________________________________

Address:________________________________________________________________

_______________________________________________________________________

Home Phone:_______________________ Work Phone:__________________________

2. What is the best time to call to speak with you?________ At: Work �   or    Home �?

3. Are you the Owner �, Renter �, Other � (please specify)_________________________
of this Home/Structure?

4. Total number of occupants/persons at this location?___________
Number of children? _______ Ages?_________

5. How long have you lived at this location? ___________

General Home Description

6. Type of Home/Structure (check only one): Single Family Home �, Duplex �,
Condominium�, Townhouse �, Other �______________________

7. Home/Structure Description: number of floors ________
Basement?  Yes �   No �
Crawl Space?  Yes �   No �

If Yes, under how much of the house’s area? ____%

8. Age of Home/Structure: ________ years, Not sure/Unknown �

9. General Above-Ground Home/Structure construction (check all that apply):
Wood �, Brick �, Concrete �, Cement block �, Other �_____________

10. Foundation Construction (check all that apply):
Concrete slab �
Fieldstone �
Concrete block �
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Elevated above ground/grade �
Other_____________________________

11. What is the source of your drinking water (check all that apply)?
Public water supply �
Private well �
Bottled water �
Other, please specify ________________________________

12. Do you have a private well for purposes other than drinking?
Yes �   No �

If yes, please describe what you use the well
for:___________________________ 
__________________________________________________________________

13. Do you have a septic system?  Yes �   No �   Not used �   Unknown �

14. Do you have standing water outside your home (pond, ditch, swale)?  Yes �   No �

Basement Description, please check appropriate boxes.
If you do not have a basement go to question 23.

15. Is the basement finished � or unfinished �?
16. If finished, how many rooms are in the basement?__________

How many are used for more than 2 hours/day?__________
17. Is the basement floor (check all that apply) concrete �, tile �, carpeted �, dirt �,

other�(describe)_________________________?
18. Are the basement walls poured concrete �, cement block �, stone �, wood �, brick �,

other�__________________________________________________________?
19. Does the basement have a moisture problem (check one only)?

Yes, frequently (3 or more times/yr) �
Yes, occasionally (1-2 times/yr) �
Yes, rarely (less than 1 time/yr) �
No �

20. Does the basement ever flood (check one only)?
Yes, frequently (3 or more times/yr) �
Yes, occasionally (1-2 times/yr) �
Yes, rarely (less than 1 time/yr) �
No �

21. Does the basement have any of the following?  (check all that apply)   Floor cracks �,    
Wall cracks �, Sump �, Floor drain �, Other hole/opening in floor �
(describe)_______
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22. Are any of the following used or stored in the basement (check all that apply)
Paint � Paint stripper/remover � Paint thinner �
Metal degreaser/cleaner � Gasoline � Diesel fuel � Solvents � Glue �
Laundry spot removers � Drain cleaners � Pesticides �

23. Have you recently (within the last six months) done any painting or remodeling in your
home?   Yes �   No �
If yes, please specify what was done, where in the home, and what month:
________________________________________________________________________
________________________________________________________________________

24. Have you installed new carpeting in your home within the last year?  Yes �   No �
If yes, when and where?____________________________________________________

25. Do you regularly use or work in a dry cleaning service (check only one box)?
Yes, use dry-cleaning regularly (at least weekly)�
Yes, use dry-cleaning infrequently (monthly or less)�
Yes, work at a dry cleaning service �
No �

26. Does anyone in your home use solvents at work?
Yes � If yes, how many persons__________
No � If no, go to question 28

27. If yes for question 26 above, are the work clothes washed at home?  Yes �   No �

28. Where is the washer/dryer located?
Basement �
Upstairs utility room �
Kitchen �
Garage �
Use a Laundromat �
Other, please specify �____________________________________

29. If you have a dryer, is it vented to the outdoors?  Yes �   No �

30. What type(s) of home heating do you have (check all that apply)
Fuel type: Gas �, Oil �, Electric �, Wood �, Coal �, Other______________________
Heat conveyance system: Forced hot air �

Forced hot water �
Steam �
Radiant floor heat �
Wood stove �
Coal furnace �
Fireplace �
Other_________________________
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31. Do you have air conditioning?  Yes � No �.  If yes, please check the appropriate type(s)
Central air conditioning �
Window air conditioning unit(s)�
Other �, please specify_____________________________________

32. Do you use any of the following?  Room fans �, Ceiling fans �, Attic fan �
Do you ventilate using the fan-only mode of your central air conditioning or forced air
heating system?  Yes �   No �

33. Has your home had termite or other pesticide treatment: Yes �   No �   Unknown �
If yes, please specify type of pest controlled, ___________________________________
and approximate date of service _____________________________________________

34. Water Heater Type: Gas �, Electric �, By furnace �, Other
�_____________________
Water heater location: Basement �, Upstairs utility room �, Garage �, Other � (please
describe) ________________________________________________________________

35. What type of cooking appliance do you have?  Electric �, Gas �, Other
�____________

36. Is there a stove exhaust hood present?  Yes �   No �
Does it vent to the outdoors?  Yes �   No �

37. Smoking in Home:
None �, Rare (only guests)�, Moderate (residents light smokers)�, 
Heavy (at least one heavy smoker in household)�

38. If yes to above, what do they smoke?
Cigarettes � Cigars �
Pipe � Other �

39. Do you regularly use air fresheners?  Yes �   No �

40. Does anyone in the home have indoor home hobbies of crafts involving: None �
Heating �, soldering �, welding �, model glues �, paint �, spray paint, 
wood finishing �, Other � Please specify what type of hobby: _______________________
___________________________________________________________________

41. General family/home use of consumer products (please circle appropriate): Assume that
Never  never used, Hardly ever  less than once/month, Occasionally  about
once/month, Regularly  about once/week, and Often  more than once/week.

Product Frequency of Use

Spray-on deodorant Never      Hardly ever     Occasionally     Regularly     Often
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Aerosol deodorizers Never      Hardly ever     Occasionally     Regularly     Often

Insecticides Never      Hardly ever     Occasionally     Regularly     Often

Disinfectants Never      Hardly ever     Occasionally     Regularly     Often

(Question 41, continued)
Product Frequency of Use

Window cleaners Never      Hardly ever     Occasionally     Regularly     Often

Spray-on oven cleaners Never      Hardly ever     Occasionally     Regularly     Often

Nail polish remover Never      Hardly ever     Occasionally     Regularly     Often

Hair sprays Never      Hardly ever     Occasionally     Regularly     Often

42. Please check weekly household cleaning practices:
Dusting �
Dry sweeping �
Vacuuming �
Polishing (furniture, etc) �
Washing/waxing floors �
Other �_______________________

43. Other comments: _________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
___________________________________________________________




